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FRPSRVLWHV RULJLQDOO\ GHYHORSHG IRU WKH WKHUPDO SURWHFWLRQ RI UHXVDEOH VSDFHFUDIWV RIIHU D JUHDW DSSOLFDELOLW\ IRU
H[WUHPH OLJKW ZHLJKW DQG WKLQ ZDOOHG VWUXFWXUHV FRPELQLQJ DQ H[FHOOHQW VWUHQJWK WR GHQVLW\ UDWLR ZLWK YHU\ ORZ
WKHUPDO H[SDQVLRQ EHKDYLRU >&KDZOD @ 7KHVH RXWVWDQGLQJ SURSHUWLHV DQG HIILFLHQW PDQXIDFWXULQJ URXWH
SUHIHUWKHVH&6L&PDWHULDOVIRUDYDULHW\RIORZ&7(DSSOLFDWLRQVHJIRUWHOHVFRSHVRUFDOLEUDWLRQDUWLIDFWV>5HQ]HW
DO@7KHUHDUHVHYHUDOPHWKRGVWRIDEULFDWH&6L&FHUDPLFFRPSRVLWHVVXFKDVFKHPLFDOYDSRULQILOWUDWLRQ
&9,0HOW ,QILOWUDWLRQ 0, RU/LTXLG 6LOLFRQ LQILOWUDWLRQ /6, SRO\PHULQILOWUDWLRQS\URO\VLV 3,3 HWFZKLFK
PDLQO\GLIIHULQWKHZD\WKH6L&PDWUL[LVEXLOWXS&9,DQG/3,SURFHVVHVFRXOGEHWUDQVIHUUHGIURP&&&DUERQ
)LEHU UHLQIRUFHG &DUERQ WHFKQRORJ\ DQG ZHUH IXUWKHU GHYHORSHG DQG TXDOLILHG OHDGLQJ WR LPSURYHG PDWHULDO
SURSHUWLHVDQGD UHSURGXFLEOHSURGXFWLRQRI UHOLDEOH VWUXFWXUDOSDUWV7KHVHSURFHVVHVDQGPDWHULDOVZHUH LQLWLDOO\
GHYHORSHG IRU WKH XVH LQ DHURVSDFH DQG PLOLWDU\ DSSOLFDWLRQV DQG GXH WR KLJK PDWHULDO FRVWV HJ FDXVHG E\
DEVROXWHO\YLWDOILEHUFRDWLQJVDQGYHU\ORQJSURGXFWLRQF\FOHWLPHVRIVHYHUDOZHHNVXSWRPRQWKVDUHVWLOOOLPLWHG
WRWKLVDUHDV+RZHYHULQWKHODWHVFRVWHIILFLHQWPDQXIDFWXULQJPHWKRGVEDVHGRQWKHLQILOWUDWLRQRIPROWHQ6L
LQ SRURXV && SUHIRUPV KDYH EHHQ GHYHORSHG $PRQJ WKHVH PHWKRGV /LTXLG 6LOLFRQ ,QILOWUDWLRQ /6, SURFHVV
RIIHUVPDQ\SRWHQWLDODGYDQWDJHVVXFKDVORZFRVWUDZPDWHULDOVVKRUWSURFHVVWLPHVORZSURFHVVLQJWHPSHUDWXUH
DQGQHDUQHWVKDSHSURFHVVLQJ
/LTXLGVLOLFRQLQILOWUDWHGFDUERQFDUERQFRPSRVLWHVSURYLGHDSRWHQWLDOO\DWWUDFWLYHFRQVWUXFWLRQPDWHULDOIRUKLJK
WHPSHUDWXUHKHDW H[FKDQJHUV SLSLQJ SXPSV DQGYHVVHOV IRU QXFOHDU DSSOLFDWLRQV GXH WR WKHLU DELOLW\ WRPDLQWDLQ
QHDUO\ IXOO PHFKDQLFDO VWUHQJWK WR KLJK WHPSHUDWXUHV WKHLU ORZ UHVLGXDO SRURVLW\ DQG WKHLU ORZ FRVW >7UHILORY
 %DQVDO@7KHDSSOLFDWLRQIRUSUHFLVHFRQWURORIJHRPHWULFDOVKDSHVDQGGLPHQVLRQVRIWKHVHFHUDPLF
FRPSRVLWHVFDQEHDFKLHYHGRQO\WKURXJKILQDOPDFKLQLQJRIWKHSDUWV7KHPDQXIDFWXULQJ DVSHFWVZLWKUHIHUHQFHWR
FULWLFDO MHW YDQHVZKLFK KDYH EHHQ GHYHORSHG DQG SURGXFHG IRU WZR FULWLFDOPLVVLOH V\VWHPV DUH SUHVHQWHG LQ WKLV
SDSHU
 7KUXVWYHFWRUFRQWURODQGMHWYDQHV
7KUXVWYHFWRUFRQWUROVXEV\VWHPVFKDQJHURFNHWWKUXVWGLUHFWLRQWRVWHHUWKHPLVVLOHLQUHVSRQVHWRFRPPDQGV
IURP WKH JXLGDQFH VHW 7KUXVW YHFWRU FRQWURO VXEV\VWHPV DUH XVHG LQ DGYDQFHG ILJKWHUV UHVHDUFK DLUFUDIW WDFWLFDO
PLVVLOHVDQGVSDFHFUDIW7KHVHDUHUHTXLUHGRQYLUWXDOO\DQ\EDOOLVWLFPLVVLOHV\VWHP0LVVLOHV\VWHPV XVLQJVROLGDQG
OLTXLG HQJLQHV FDQ UHGLUHFW WKUXVW E\ GHIOHFWLQJ WKH H[KDXVW JDVHV LQ WKH QR]]OHV E\PHDQV RIPRYDEOH MHW YDQHV
WKHUHE\VWHHUWKHPLVVLOH,QWKHLQLWLDOVWDJHVRIWKHYHKLFOHWKHIRXUPHFKDQLFDOMHWYDQHVPRXQWHGRQWKHQR]]OHDQG
URWDWHGLQUHVSRQVHWRFRPPDQGVIURPWKHPLVVLOHJXLGDQFHV\VWHPWRGHIOHFWWKHIODPHRIWKHVROLGSURSHOODQW:KHQ
WKHMHWYDQHVDUHGHIOHFWHGVLGHIRUFHVDUHFUHDWHGZKLFKGHIOHFWVWKHIODPH7KH\ORRNOLNHVPDOOZLQJVXVXDOO\
FPLQOHQJWKDQGFPLQKHLJKWVL]HVYDU\ZLWKHQJLQHVL]H6HOHFWLRQRIPDWHULDOSOD\VDQLPSRUWDQWUROHDVWKH
HURVLRQ RI WKH YDQH PDWHULDO LV FUXFLDO 7KH\ DUH PDGH RI KLJKWHPSHUDWXUH PDWHULDO VXFK DV FDUERQ FDUERQ
GHULYDWLYHVRU UHIUDFWRU\PDWHULDOV VXFKDV WXQJVWHQ *UDSKLWH MHWYDQHVZHUHXVHG LQ WKH*HUPDQ9PLVVLOH LQ
:RUOG:DU,,DQG LQ WKH6FXGPLVVLOHV ILUHGE\,UDT LQ>*HRUJHHWDO@7KHIXQFWLRQVRI MHWYDQHVDUH
VKRZQLQ)LJ
)LJ  )XQFWLRQVRIMHWYDQHVRIDPLVVLOHV\VWHP
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 0DQXIDFWXULQJRI&6L&FHUDPLFFRPSRVLWHV
6LOLFRQFDUELGHPDWUL[EDVHGFRPSRVLWHVH[KLELWSURPLVLQJWKHUPDOPHFKDQLFDOSURSHUWLHVDWKLJKWHPSHUDWXUHV
DQG RIIHU YHU\ JRRG R[LGDWLRQ DQG WKHUPDO VKRFN UHVLVWDQFH &DUERQ ILEHUUHLQIRUFHG 6L&PDWUL[ FRPSRVLWHV DUH
SUHIHUUHGWR&&FRPSRVLWHVIRUR[LGL]LQJDQGKLJKO\HURVLYHHQYLURQPHQW&6L&FRPSRVLWHVDUHXVHGXSWR&
IRUORQJGXUDWLRQVDQGXSWR&IRUVKRUWGXUDWLRQV&6L&FRPSRVLWHVUHWDLQPHFKDQLFDOVWUHQJWKXSWR&
DQG KDYH D KLJK WKHUPDO FRQGXFWLYLW\ DQG ORZ WKHUPDO H[SDQVLRQ DQG KHQFH H[FHOOHQW WKHUPDO VKRFN UHVLVWDQFH
'XULQJ LQLWLDO VWDJHV RI LWV GHYHORSPHQW WKHVH  &6L& FRPSRVLWHV ZHUH H[WHQVLYHO\ XVHG WR GHYHORS QRVH WLSV RI
UHXVDEOHVSDFHYHKLFOHVOHDGLQJHGJHVRIK\SHUVRQLFYHKLFOHV>'DYLG@HURVLRQUHVLVWDQWMHWYDQHVIRUWKUXVW
YHFWRULQJ RI URFNHW PRWRUV >.UHQNHO @ 7KH PDQXIDFWXULQJ SURFHVV IRU &6L& FHUDPLF FRPSRVLWHV ZDV
HVWDEOLVKHGE\IROORZLQJURXWHE\UHVHDUFKHUV>6XUHVKHWDO @
,QWKHILUVWVWHSDQHDUQHWVKDSHGSUHIRUPLVSUHSDUHGE\VWLWFKLQJVHYHUDOFDUERQIDEULFOD\HUVZLWKFDUERQILEHU
WRZV,QWKHVHFRQGVWHSWKLVSUHIRUPLVULJLGL]HGE\YDFXXPLQILOWUDWLRQRIFRDOWDUSLWFKDW&IROORZHGE\
FDUERQL]DWLRQ LQ LQHUW JDV DWPRVSKHUH DW7! & DQG JUDSKLWL]DWLRQ DW &7KH ULJLGL]HG SUHIRUPV
ZHUH IXUWKHU GHQVLILHG E\  KRWLVRVWDWLF SUHVVXUH LPSUHJQDWLRQFDUERQL]DWLRQ SURFHVV DW  EDU DW 7! &
WKHUHE\WUDQVIRUPHGLQWRDKLJKO\SRURXV&&SUHIRUP ,QWKHWKLUGDQGODVWSURFHVVVWHSPROWHQVLOLFRQLVLQILOWUDWHG
LQWKLVSRURVLW\E\FDSLOODU\IRUFHVDW7!&LQYDFXXP7KHUHE\WKHVLOLFRQLPPHGLDWHO\UHDFWVZLWKWKHFDUERQ
LQWKHFRQWDFWDUHDVEXLOGLQJXSWKH6L&PDWUL[7KHVHTXHQFHRIRSHUDWLRQVFDUULHGRXWWRPDQXIDFWXUHWKHMHWYDQHV
DUHVKRZQLQ)LJ
)LJ  0DQXIDFWXULQJSURFHVVRI&±6L&FRPSRVLWHV
3UH)RUP
3URGXFWLRQRI&6L&UDZPDWHULDO
5LJLGL]DWLRQ
x ,PSUHJQDWLRQ
x &DUERQL]DWLRQ
'HQVLILFDWLRQ
0DFKLQLQJWR
1HDUQHW VKDSH
3URGXFWLRQRI1HDU1HW6KDSH 6WUXFWXUH
6LOLFRQL]DWLRQ
0DFKLQLQJRI
FRPSRXQGVXUIDFHVWR
VHPLILQLVKVL]H
3URGXFWLRQRI8OWUD3UHFLVLRQ6XUIDFHV
0DFKLQLQJRI
FRPSRXQGVXUIDFHV
WRILQDOVL]H
'3UHIRUPLQJ
)L[WXUHV
3URFHVV)L[WXUHV
 ± JFF
JFF
 ± JFF
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 'HYHORSPHQWRIPDQXIDFWXULQJWHFKQRORJ\IRUFHUDPLFFRPSRVLWHV
0DQXIDFWXULQJSURFHVVRIMHWYDQHVLQYROYHFUXFLDOVWDJHVRISURFHVVDQGPDFKLQLQJ7ZRW\SHVRIMHWYDQHVZHUH
SURFHVVHGIRUWZRGLIIHUHQWPLVVLOHV\VWHPV0DQXIDFWXULQJSURFHVVHVRIMHWYDQHLQYROYHGFULWLFDOPDFKLQLQJVWDJHV
RIFRPSRVLWHVDQGFHUDPLFFRPSRVLWHVZKLFKDUHWRWDOO\GLIIHUHQWIURPWKDWRIFRQYHQWLRQDOPDWHULDOV,QLWLDOO\WKH
PDFKLQLQJRIMHWYDQHVZDVFDUULHGRXWLQWKHILQDOFHUDPLFFRPSRVLWHVWDJHDIWHUVLOLFRQL]DWLRQZKLFKLVKLJKO\KDUG
DQGGLIILFXOW WRPDFKLQHXVLQJFRQYHQWLRQDOPDFKLQLQJSURFHVVHV+HDY\PDWHULDO UHPRYDO LVQHFHVVDU\ WREULQJ LW
GRZQ WR WKH UHTXLUHG VKDSH DQG VL]H $V LW LQYROYH GLDPRQG JULQGLQJ WKH SURFHVVLQJ WLPH DV ZHOO DV FRVW RI
SURGXFWLRQEHFDPHYHU\KLJKDQGLWWXUQHGWREHXQHFRQRPLFDOWRSURGXFHWKHPIRU ODUJHTXDQWLW\SURGXFWLRQDVSHU
LQLWLDOPDQXIDFWXULQJURXWH>6XUHVKHWDO@7KHPDQXIDFWXULQJSURFHVVKDVWREHRSWLPL]HGVRDVWRPDNHLW
HFRQRPLFDOTXDOLWDWLYHDQGKLJKO\SURGXFWLYH
 0DFKLQLQJRIFHUDPLFFRPSRVLWHV
7KHSUREOHPVLQPDFKLQLQJ RIFHUDPLFFRPSRVLWHVZHUHVWXGLHGLQGHWDLO0DFKLQLQJRIFHUDPLFFRPSRVLWHLVD
FRPSOH[WDVNGXHWRIROORZLQJUHDVRQV
x 7KHPDFKLQLQJSURFHVVHVPDFKLQHWRROVSURFHVVLQJWHFKQLTXHVXVHGDUHGLIIHUHQWGXHWREULWWOHDQGKLJKKDUGQHVV
QDWXUHRIFHUDPLFFRPSRVLWHV
x ,WLVGLIILFXOWWRKROGDVWKHVHFRPSRVLWHVDUHFUDFNSURQH
x 7KHFRVWVRI GLDPRQGZKHHOVDUHYHU\KLJKDQGWKHLUWRROOLIHLVYHU\VKRUW,WUHTXLUHVULJLGDQGKLJKSRZHU
/DWHVWJULQGLQJPDFKLQHVWRVXSSRUWGLDPRQGJULQGLQJZKHHOVZKLFKLQYROYH KLJKLQLWLDOLQYHVWPHQWFRVW
&RQVLGHULQJ WKH DERYH SUREOHPV GLIIHUHQW PDFKLQLQJ URXWHV ZHUH FRQVLGHUHG LQLWLDOO\ DQG DOO PDQXIDFWXULQJ
URXWHV DUH WULHG WR PDFKLQH WKH FRPSOH[ FRQWRXUHG MHW YDQHV $IWHU VHYHUDO PDFKLQLQJ WUDLOV DQG H[WHQVLYH
H[SHULPHQWDWLRQWKHPDQXIDFWXULQJURXWHKDVEHHQILQDOL]HG7KLVPDQXIDFWXULQJURXWHLQYROYHVWZRVWDJHV$VWKH
PDFKLQLQJ SURFHVV WR EH HFRQRPLFDO FRQYHQWLRQDO WXUQLQJ DQG PLOOLQJ RSHUDWLRQV ZHUH FDUULHG IRU ILUVW VWDJH
PDFKLQLQJZKHUHEODQNVDUH VXSSOLHG LQ WKH IRUPRI&&FRPSRVLWHV7KHVHPLILQLVKRSHUDWLRQVZHUHSHUIRUPHG
XVLQJ3RO\&U\VWDOOLQH'LDPRQG3&'LQVHUWVRQWXUQLQJZKLFKZHUHIROORZHGE\ILQLVKLQJRSHUDWLRQVXVLQJ:LUH
FXW('0DQGOLPLWHGGLDPRQGJULQGLQJSURFHVV7KLVSURFHVVUHVXOWHGLQORZF\FOH WLPHDVZHOODVKLJKSURGXFWLYLW\
ZLWKORZFRVW
7KHUHDUHWZRSKDVHVLQPDQXIDFWXULQJRI-HWYDQHPDQXIDFWXULQJSURFHVV5RXJKPDFKLQLQJZDVFDUULHGRXWLQ
JUHHQ&&FRPSRVLWHIRUP'XULQJWKLVVWDJH&&FRPSRVLWHVDUHPDFKLQHGWRVHPLILQLVKVL]HNHHSLQJDOORZDQFHV
IRU VKULQNDJH GXULQJ VLOLFRQL]DWLRQ 7KH VHFRQG DQG ILQDO SKDVHPDFKLQLQJ LV FRQGXFWHG DIWHU VLOLFRQL]DWLRQ 7KH
GHWDLOVRIPDQXIDFWXULQJURXWHDUHSURYLGHGLQWKHQH[WSDUDJUDSK
 6WDJH,
7KHUHDUHWKUHHVWHSVDUHLQYROYHGLQILUVWVWDJHPDQXIDFWXULQJ
 6WHS,
,Q WKH ILUVW SKDVH LW LQYROYHV PDFKLQLQJ RI &DUERQ&DUERQ FRPSRVLWH EODQNV  7KHVH && FRPSRVLWH EODQNV
FRQVLVWRIURXJKDQGLUUHJXODUVXUIDFHV$VPRVWRIWKHGLPHQVLRQVDUHLQWHUUHODWHGDQ\YDULDWLRQLQRQHGLPHQVLRQ
PD\ OHDG WR WKH UHMHFWLRQRIHQWLUHFRPSRQHQW LW UHTXLUHV FDUHIXOSODQQLQJ WREULQJ WKHP WR WKH UHTXLUHG VL]HDQG
VKDSH&RQVLGHULQJWKHNH\GLPHQVLRQVWKHUHIHUHQFHVXUIDFHVDUHPDFKLQHGRQPLOOLQJPDFKLQH
 6WHS,,
,QWKHVHFRQGVWDJHPDFKLQLQJWKHFRPSRQHQWLVPDFKLQHGWRVHPLILQLVKGLPHQVLRQ7RDYRLGUHMHFWLRQ&1&
PDFKLQLQJLVDGRSWHGIRUQG VWDJHPDFKLQLQJ,QWKLVVWDJHDOOGLPHQVLRQVDUHPDLQWDLQHGWRVHPL ILQLVKVL]HH[FHSW
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KXESRUWLRQ
 6WHS,,,
$IWHU&1&PDFKLQLQJVWDJHWKHVHFRPSRQHQWVDUHSURFHVVHGRQDSUHFLVLRQODWKHDQGKXESRUWLRQLVWXUQHGWRWKH
UHTXLUHGGLPHQVLRQ
 'LIILFXOWLHVLQPDFKLQLQJGXULQJSKDVH,
'XULQJ ILUVW VWDJH WKH*UHHQ IRUPFRPSRVLWHV DUH VRIW DQGGHOLFDWH LQQDWXUH ([FHVVLYH FODPSLQJ IRUFHV DQG
HYHQ ORZ FXWWLQJ IRUFHVPD\ EUHDN WKH FRPSRQHQW +HQFH VHOHFWLRQ RI GHSWK RI FXW FXWWLQJ WRROV DQG FODPSLQJ
HOHPHQWVSOD\DQLPSRUWDQWUROHLQSURGXFLQJTXDOLW\SURGXFWVDQGUHGXFWLRQLQVFUDS(GJHEUHDNDJHLVDFRPPRQ
SUREOHP6DIHW\SUHFDXWLRQVKDYHEHHQWDNHQ WRSURWHFWERWKRSHUDWRUDQGPDFKLQH
 )LQDOVWDJHPDFKLQLQJ
7KH ILQDO VWDJHPDFKLQLQJZDVFDUULHGRXWDIWHU WKH VLOLFRQL]DWLRQ WUHDWPHQW$IWHUEDNLQJDQGGU\LQJ WKH VHPL
ILQLVKHG EODQNV EHFDPH IXOO\ GHQVLILHG &6L& FHUDPLF FRPSRVLWHV 7KH VWRFN RQ HDFK IDFH LV DURXQG  WR
PPZKLFK LVKLJKO\GLIILFXOW WR UHPRYHE\GLDPRQGJULQGLQJSURFHVV7KH ILQDO VWDJHPDFKLQLQJVWHSVDUHJLYHQ
EHORZ
 0DFKLQLQJRIKXESRUWLRQ
$VWKHKXESRUWLRQEHLQJ WKHPDLQUHIHUHQFH LW  LVSURFHVVHGRQGLDPRQGJULQGLQJSURFHVVZKLFK LVKLJKO\ LQ
HIILFLHQWDVWKHPDWHULDOUHPRYDOUDWHLVYHU\OHVV,WKDVWDNHQDORQJF\FOHWLPHIRUJULQGLQJWKHKXEGLDPHWHU7KH
ZHDURXWRIJULQGLQJZKHHOLV WRRKLJKDQGLWUHTXLUHGIUHTXHQWGUHVVLQJRIWKHZKHHO)LQDOO\ LW LVFRQFOXGHGWKDW
JULQGLQJWKHKXESRUWLRQXVLQJJULQGLQJSURFHVVLVQRWHFRQRPLFDOLQWHUPVRIWLPHDQGFRVWRISURGXFWLRQ
7KHKXESRUWLRQLVWXUQHGRQDSUHFLVLRQODWKHXVLQJ3&'LQVHUWVNHHSLQJDILQLVKLQJVWRFNRIPP3&'LQVHUW
RI&10$RI0V,6&$5WRROV,VUDHOZDVXVHG7KHFXWWLQJSDUDPHWHUVVHOHFWHGDIWHUH[SHULPHQWDWLRQDUHFXWWLQJ
VSHHGRIPPPLQGHSWKRIFXWRIPPDQGIHHGUDWHRIPPPLQ7KHKXESRUWLRQZDV ODWHU ILQLVKHGE\
JULQGLQJIDFLOLW\XVLQJ'LDPRQGJULQGLQJZKHHOV
 *HQHUDWLRQRIDQJXODUVXUIDFHVRIYDQHIDFHV
*HQHUDWLRQRIFHUWDLQVXUIDFHVRQYDQHIDFHLVDFRPSOH[SURFHVV,WLQYROYHVSRVLWLRQLQJRIWKHFRPSRQHQWZLWK
WKH KHOS RI WZR LQFOLQHG SODQHV ,W UHTXLUHV DFFXUDWH WLOWLQJ LQ WZR GLUHFWLRQV WR DFKLHYH WKH FRPSRXQG DQJXODU
VXUIDFH 3UHYLRXVO\ WKLV RSHUDWLRQ ZDV SHUIRUPHG RQ D GLDPRQG JULQGLQJ PDFKLQH XVLQJ D VSHFLDO IL[WXUH 7KH
VHWWLQJ RI WKH IL[WXUH RQ JULQGLQJ PDFKLQH LV WLPH FRQVXPLQJ DQG HUURU SURQH 7KH FULWLFDO FRPSRXQG DQJXODU
VXUIDFHVDUHSURFHVVHGRQ:LUHFXW('0URXWHZKLFKLVDOVRXVHGWRPDFKLQHWKHILQDOFRQWRXURIWKHMHWYDQHV ,Q
WKHLQLWLDOVWDJHVRIWKLVSURFHVVVRPHSRUWLRQVRIWKHYDQHKDYHVKRZQEXUQLQJPDUNVZKLFKDUHWREHDYRLGHGWR
TXDOLI\WKHFRPSRQHQW$VWKLVPDWHULDO LVQHZDQGVXIILFLHQWOLWHUDWXUHLVQRWDYDLODEOHH[WHQVLYHH[SHULPHQWDWLRQ
KDV EHHQ FDUULHG RXW WR HVWDEOLVK SURFHVV SDUDPHWHUV IRU ZLUHFXW ('0 SURFHVV WR DFKLHYH JRRG VXUIDFH ILQLVK
ZLWKRXWEXUQLQJRIFRPSRVLWHV
 'LDPRQGJULQGLQJ
)LQDOO\ WKH UDGLXV RI 5 IRU WUDLOLQJ HGJH DQG DQJXODU VXUIDFHV RI YDQH LV JHQHUDWHG XVLQJ'LDPRQG JULQGLQJ
SURFHVV
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 6DIHW\SUHFDXWLRQV
$GHTXDWH VDIHW\ SUHFDXWLRQV DUH WDNHQ WR SURWHFW WKH SHUVRQQHO IURP EUHDWKLQJ FDUERQ GXVW DQG WR SURWHFW WKH
PDFKLQH VOLGHV IURP ZHDULQJ RXW GXH WR DEUDVLYH 6L& SRZGHU JHWWLQJ LQWR WKH SUHFLVLRQ VOLGHV RI WKH PDFKLQH
&DUERQGXVWZDVFRQWLQXRXVO\VXFNHGRXWXVLQJGXVWFROOHFWRUVDVVKRZQLQ)LJ
)LJ  6DIHW\3UHFDXWLRQVIROORZHGGXULQJPDFKLQLQJRIFRPSRVLWHV
 &RQFOXVLRQV
7KH KLJK SUHFLVLRQ MHW YDQHV UHTXLUHG IRU SUHFLVLRQ WKUXVW YHFWRU FRQWURO ZHUH VXFFHVVIXOO\ GHYHORSHG XVLQJ
YDULRXV SURFHVVHV VXFK DV ' ILEHU SUHIRUPV ,PSUHJQDWLRQ ULJLGL]DWLRQ  DQG VLOLFRQL]DWLRQ$Q HFRQRPLFDO DQG
SURGXFWLYH PHWKRGRORJ\ LV HVWDEOLVKHG WR PDQXIDFWXUH WKH MHW YDQHV IRU WZR GLIIHUHQW PLVVLOH DSSOLFDWLRQV 7KH
DFFXUDWH SURILOHV ZHUH VXFFHVVIXOO\ PDFKLQHG XVLQJ 3&' PDFKLQLQJ 'LDPRQG JULQGLQJ DQG :LUH FXW ('0
([WHQVLYHH[SHULPHQWDWLRQLVFDUULHGRXWWRVHOHFWDSSURSULDWHFXWWLQJSDUDPHWHUVWRDFKLHYHVWULQJHQWWROHUDQFHVDQG
KLJKSUHFLVLRQUHTXLUHPHQWV$IWHUWKURXJKDQDO\VLVWKHFXWWLQJSDUDPHWHUVZHUHUHFRPPHQGHGIRUEHVWUHVXOWV7KH
SURFHVVURXWHFRQVLVWLQJRIPDQXIDFWXULQJSURFHVVHVDQGWKHLUSURFHVVSDUDPHWHUVWRSURGXFHWKHMHWYDQHVIRU79&
V\VWHPLVHVWDEOLVKHG:LWKWKLVDSSURDFKWKHSURGXFWLYLW\LQFUHDVHGWRWKUHHIROGVDQGDFKLHYHGWKHUHTXLUHGSURILOH
DFFXUDFLHV DQG VXUIDFH ILQLVK 7KRURXJK NQRZOHGJH DERXW WKHVH FHUDPLF FRPSRVLWHV H[WHQVLYH H[SHULPHQWDWLRQ
RSWLPL]DWLRQ RI FXWWLQJ SDUDPHWHUV UHVXOWV LQ ORZHULQJ WKH UHMHFWLRQ UDWH DQG GHOLYHU\ RI TXDOLW\ SURGXFW WR WKH
SURMHFWV7KLVSURFHVVFDQEHH[WHQGHGWRPDQXIDFWXUHDQ\FRPSRQHQWRXWRIFHUDPLFFRPSRVLWHVLQIXWXUH
5HIHUHQFHV
%DQVDO13 +DQGERRNRI&HUDPLF&RPSRVLWHV (GLWHGE\1$6$*OHQQ5HVHDUFK&HQWHU 86$ %RVWRQ .OXZHU$FDGHPLF3XEOLVKHUV 
&KDZOD.. &HUDPLF0DWUL[&RPSRVLWHV/RQGRQ&KDSPDQDQG+DOO
'DYLG(*ODVV &HUDPLF0DWUL[&RPSRVLWH&0&7KHUPDO3URWHFWLRQ6\VWHPV736DQG+RW6WUXFWXUHVIRU+\SHUVRQLF9HKLFOHV WK $,$$
6SDFH3ODQHVDQG+\SHUVRQLF6\VWHPVDQG7HFKQRORJLHV&RQIHUHQFH 
*HRUJH36XWWRQDQG2VFDU%LEODU] 5RFNHW3URSXOVLRQ(OHPHQWV6HYHQWK(GLWLRQ 1HZ<RUN -RKQ:LOH\	6RQV,QF
.UHQNHO: &HUDPLF0DWUL[&RPSRVLWHV)LEHU5HLQIRUFHG&HUDPLFVDQGWKHLUDSSOLFDWLRQV%D\UHXWK*HUPDQ\:LOH\9&+
0LUDFOH'%DQG'RQDOGVRQ6/HGV ,QWURGXFWLRQWR&RPSRVLWHV ,Q&RPSRVLWHV 9RO0HWDOV3DUN2KLR$60,QWHUQDWLRQDO
5HIHUHQFHPDQXDODQG7HFKQRORJLHVPDQXDORI5RERILO6ZLW]HUODQG&KDUPLOOHV7HFKQRORJLHV
5HQ]5 DQG +HLGHQUHLFK% DQG .UHQNHO: DQG 6FK|SSDFK$ DQG 5LFKWHU) &0& 0DWHULDOVIRU/LJKWZHLJKWDQG/RZ&7($SSOLFDWLRQV
,Q+LJK7HPSHUDWXUH&HUDPLF0DWUL[&RPSRVLWHV:LOH\9&+
5RKLQL'*DQG5DPD5DR.&DUERQ&DUERQ&RPSRVLWHV$Q2YHUYLHZ'HIHQVH6FLHQFH-RXUQDO '(6,'2&
5RVV 3- 7DJXFKL7HFKQLTXHVIRUTXDOLW\HQJLQHHULQJ1HZ<RUN0F*UDZ+LOO
6DL.XPDU6.DXO ,. DQG6KDQPXJKDP060RGHOLQJRI:LUHFXW('0E\1HXUDO1HWZRUN 3URF63,(¶V ,QWHUQDWLRQDO 6\PSRVLXPRQ
,QWHOOLJHQW6\VWHPVDQG$GYDQFHG0DQXIDFWXULQJ63,(  
6XUHVK.XPDU $QLO.XPDU6DPSDWK.%KDQX3UDVDG99&KDXGKDU\-& *XSWD$.DQG5RKLQL'*0HFKDQLFDOSURSHUWLHVRI /6,
EDVHG'VWLWFKHG&±6L&FRPSRVLWHV SUHSDUHGE\FRDO±WDUSLWFKDVFDUERQSUHFXUVRU 6FULSWD 0DWHU  
6XUHVK.XPDU$QLO.XPDU6DPSDWK.%KDQX3UDVDG99&KDXGKDU\-& *XSWD$.DQG5RKLQL'*)DEULFDWLRQDQGHURVLRQVWXGLHV
RI&6L&FRPSRVLWH-HW9DQHVLQVROLGURFNHWPRWRUH[KDXVW -RXUQDORIWKH(XURSHDQ&HUDPLF 6RFLHW\
7UHILORY9, &HUDPLF DQG&DUERQ0DWUL[&RPSRVLWHV/RQGRQ&KDSPDQDQG+DOO
